Atrial fibrillation (AF) significantly increases the risk of stroke and disease burden and is an established predictor of poor outcomes after stroke. However, data regarding sex differences in long-term outcomes following stroke in patients with AF are scarce. We thus aimed to assess these differences. We recruited 951 consecutive patients with acute ischemic stroke and non-valvular atrial fibrillation (NVAF) treated at three hospitals in Tianjin, China, from January 2006 to September 2014. Information regarding stroke subtype, severity, risk factors, and outcomes (mortality, dependency, and recurrence) at 3, 12, and 36 months after stroke was recorded. The prevalence of NVAF was 8.4% overall, with a higher frequency in women than in men (11.3 vs. 6.9%, P < 0.001). Among patients with NVAF, women were older than men. Women were more likely than men to have severe stroke (38.8 vs. 29.5%, P < 0.001), high levels of total cholesterol and highand low-density lipoprotein cholesterol (all P < 0.001), hypertension (69.1 vs. 61.2%, P = 0.012), dyslipidemia (29.8 vs. 20.7%, P = 0.001), and obesity (18.5 vs. 11.6%, P = 0.003); they were less likely than men to be current smokers (12.2 vs. 33.6%, P < 0.001) and to consume alcohol (0.9 vs. 13.9%, P < 0.001). There were greater risks of dependency and recurrence at 36 months after stroke in women than in men [odds ratios (95% confidence intervals), 1.64 (1.02-2.64) for dependency, P = 0.043; and 2.03 (1.28-3.20) for recurrence, P = 0.002] after adjustment for stroke subtype, severity, and risk factors. These findings suggest that it is crucial to emphasize the need for individualized stroke prevention education and promotion of healthy lifestyles in order to improve NVAF-related stroke outcomes and reduce disease burden in women.
With respect to sex differences in AF, women with AF have been shown to have an increased risk of cardiovascular events, including stroke (8, 9) . Women in general have also been shown to have a greater incidence of stroke than do men (3 vs. 1.6%) (10) (11) (12) (13) (14) . Previous studies have indicated higher mortality rates for persons after stroke with AF, with rates between 17 and 32.5% at 30 days after stroke (15) (16) (17) (18) (19) (20) and between 30.5 and 63.0% at 12 months after stroke (15, (21) (22) (23) . Moreover, worse neurological function has been reported to occur in persons after stroke with AF (24) . However, sex differences in outcomes, including mortality, dependency, and recurrence after stroke, for patients with AF are controversial. Poor stroke outcomes have been found in women in some studies [e.g., Ref (24) .], other studies have reported a greater risk of death at 1 year after stroke in men (15) , while still others have reported no sex differences (20, 25) . We, therefore, aimed to explore the sex differences in demographic characteristics, clinical features, previous histories of disease, and long-term outcomes after stroke in patients with AF.
MaTerials anD MeThODs

Patient selection
This study used data from a stroke registry from three hospitals in Tianjin, China (Tianjin Medical University General Hospital, Tianjin Huanhu Hospital, and Tianjin Haibin People's Hospital). Inclusion criteria for patients with stroke were as described in a previous study (26) . Briefly, from January 2006 to September 2014, we prospectively collected data on clinical characteristics and outcomes of all patients with ischemic stroke who were admitted to the stroke units in these three hospitals within 72 h after stroke onset. Stroke events were defined according to the World Health Organization's criteria, and all cases of stroke were confirmed by computed tomography or magnetic resonance imaging, as required (27) . Patients with transient ischemic attack were excluded from this study. All persons after stroke with nonvalvular atrial fibrillation (NVAF) who had experienced stroke were analyzed in this study. NVAF was defined as a self-reported history of NVAF, from electrocardiography on admission showing NVAF confirmed by at least one electrocardiogram, or by the presence of arrhythmia during hospitalization.
clinical Features
Data collection and evaluation were performed by senior neurologists using standardized variable definitions and scores. Stroke subtypes, which were classified on admission, included total anterior circulation infarct, partial anterior circulation infarct (PACI), lacunar infarct, and posterior circulation infarct (POCI), according to the Oxfordshire Community Stroke Project (OCSP) criteria (28) . Stroke severity was categorized into three groups according to the National Institutes of Health stroke scale (NIHSS): mild (NIHSS score: ≤7), moderate (NIHSS score: 8-16), and severe (NIHSS score: ≥17) (29) . Simultaneously, the primary risk factors for stroke, including hypertension, diabetes mellitus (DM), and hyperlipidemia, were defined according to self-reported medical history, and obesity was defined as a body mass index ≥30 kg/m 2 . The NIHSS score and Barthel index (BI) were assessed on admission and at discharge, and the modified Rankin Scale (mRS) score was assessed on admission, at discharge, and at 3 and 12 months after stroke. Information of oral anticoagulants on discharge was recorded.
Outcomes Definitions
Outcomes included mortality, dependency, and recurrence rates at 3, 12, and 36 months after stroke. Mortality was defined as all-cause cumulative deaths at each follow-up point. Dependency was defined as an mRS score >2 (30). Recurrence was defined as all new-onset vascular events, including stroke, myocardial infarction, and venous thrombosis. Follow-up was implemented according to a predetermined procedure; the same senior neurologist collected data at 3, 12, and 36 months after stroke. Follow-up for all patients occurred through face-to-face interviews and/or telephone calls.
To ensure data quality, three groups of senior trained neurologists (the assessment group, the follow-up group, and the quality control group) were responsible for determining the nervous system score at admission, for the reexamination (including of neurological score, risk factor management, and directing the treatment and rehabilitation) during follow-up, and a sampled confirmation of 20% of all patients each month, respectively.
statistical analysis
Continuous variables, including age, NIHSS score, BI, mRS score, total cholesterol (TC), triglycerides (TGs), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting glucose (FG), and HbA1c were presented as means (SD) or medians (interquartile range), as appropriate, and compared between men and women using the Student's t-test or Mann-Whitney U-test. Dichotomous variables including stroke subtype, stroke severity, medical history, stroke risk factors, and outcomes at different periods after stroke were presented as numbers (percentages), and the sex differences in these risk factors were compared by the chisquared test. A univariate analysis of sex differences in outcomes was performed with logistic regression models and presented as unadjusted odds ratios (ORs) with 95% confidence intervals (CIs). The multivariate analysis of sex differences in outcomes was performed with a logistic regression model with factors found to be statistically significant in the univariate analysis (including age, stroke subtype, severity, medical history, and risk factors) as covariates, and results were presented as adjusted ORs with 95% CIs. All statistical analyses were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA), and a twotailed P < 0.05 indicated statistical significance.
resUlTs
Overall, 11,330 consecutive patients with ischemic stroke were registered in the stroke units of the three hospitals in Tianjin during the study period. Of these, there were 951 patients (8.4%) with NVAF. There were 924 cases of NVAF (97.2%) included for outcome analysis within 3 months poststroke after excluding 27 patients lost to follow-up; 841 cases (93.3%) included within 12 months poststroke after excluding 
sex Differences in clinical Features in Patients with nVaF
The prevalence of NVAF in patients with stroke was higher in women than in men (11.3 vs. 6.9%, P < 0.001). Women were more likely than men to be older and had a greater frequency of severe stroke. The median NIHSS and mRS scores were higher in women, but the BI was lower than that in men (all P < 0.001). Similar frequency of oral anticoagulants on discharge was observed between men and women (76.4 vs. 76.9%, P > 0.05). TC, HDL-C, and LDL-C levels were higher in women than in men, but not the levels of TG, glucose, or glycosylated glucose. Moreover, the frequency of OCSP classifications was not significantly different between men and women ( Table 1) . However, different results were found for stroke survivors without AF. Women were more likely than men to have PACI. The levels of FG and glycosylated glucose were higher in women than in men (all P < 0.0001; Table S1 in Supplementary Material).
sex Differences in risk Factors for stroke in Patients with nVaF Table 2 shows that there were higher prevalences of hypertension, dyslipidemia, and obesity in women than in men, but the reverse trends were found with respect to current smoking and alcohol consumption. No significant sex differences in the prevalence of DM and/or arterial stenosis were observed in this study. In stroke survivors without NVAF, there were different results. Women were more likely than men to have DM, but men were more likely than women to have arterial stenosis (Table S1 in Supplementary Material).
sex Differences in Outcomes after stroke in Patients with nVaF Dependency and recurrence rates within 36 months after stroke were 64% and 1.03-fold higher in women than in men, respectively, after adjustment for clinical features and risk factors (Table 3) . Moreover, non-stroke-related mortality was 3.4% in men and 4.6% in women at 3 months, 3.6% in men and 1.8% in women at 12 months, and 4.1% in men and 4.0% in women at 36 months (all P > 0.05). However, there were no sex differences in outcomes among individuals with stroke without AF after adjusting for covariates, although a significantly increased risk of mortality, recurrence, and dependency were observed in women in the univariate analysis (Table S2 in Supplementary  Material) .
Moreover, we performed a multivariate analysis to assess the determinants of stroke outcomes among patients with NVAF. We found that, except for age, OCSP classification, and stroke severity, the determinants of mortality were obesity at 3 months, drinking alcohol at 12 and 36 months, and DM at 36 months. For recurrence, drinking alcohol was an independent determinant at 12 and 36 months; in addition, hypertension was significantly associated with recurrence risk at 12 months. However, age and female sex were independent risk factors of recurrence at 36 months. Age, stroke severity, and drinking alcohol were associated with the risk of dependency at 3, 12, and 36 months; OCSP classification was associated with the risk of dependency at 3 months; hypertension was associated with the risk of dependency at 12 months; and female and obesity were associated with the risk of dependency at 36 months (Tables S3-S5 in Supplementary Material).
DiscUssiOn
To our knowledge, this is the first report of the sex differences in long-term outcomes among stroke survivors with AF. In this study, we assessed the sex differences in clinical features, medical histories, and outcomes at 3, 12, and 36 months after stroke in patients with NVAF.
Rates of AF vary significantly among different racial and ethnic groups (31, 32). Hispanics and Asians have lower rates of AF than do non-Hispanic whites (32) (33) (34) (35) (36) (37) . A similar lower prevalence of AF in the general population was reported in China (35) (36) (37) . The difference in rates of AF among race-ethnicity groups may be explained by differences in underlying genetic susceptibility, differences in the prevalence of risk factors for AF, differences in the hazards due to individual risk factors, or a combination of these variables (38) .
Women had a 14-70% increased risk of stroke compared to that in men. The results of a multivariable analysis from the anticoagulation and risk factors in atrial fibrillation (ATRIA) study cohort indicated that women had higher annual rates of thromboembolism off warfarin than did men [relative risk (RR) = 1.6; 95% CI: 1.3-1.9] (11). Women developed primary events more often (2.08%/year, 95% CI: 1.60-2.56 vs. 1.44%/ year, 95% CI: 1.18-1.71%/year in men; P = 0.016) (13). There was a higher risk of stroke in anticoagulated AF women than in men, despite a similar anticoagulation RR for women compared to men 2.0 (95% CI: 1.3-3.1; P = 0.004) in Italy (14) . A population-based cohort study from Canada revealed that women had a higher risk of stroke than men did (adjusted hazard ratio = 1.14; 95% CI: 1.07-1.22; P < 0.001), even after adjusting for baseline comorbid conditions, individual components of the CHADS2 score, and warfarin treatment (39) . Similar trends was observed in the Framingham Heart Study, after warfarin censoring and adjustment for age and systolic blood pressure, women had a higher risk of stroke than men did (adjusted hazard ratio = 1.73; 95% CI: 1.16-2.59) (40) . Moreover, a higher prevalence of AF in women among stroke survivors has been frequently reported (6, 15, (41) (42) (43) . A hospital-based study from China reported a higher prevalence of AF in women than in men, with a prevalence of 19.4% in women and 10.6% in men (41) . Another study conducted in Israel indicated that 19.6% of stroke patients had AF, representing 27.1% in women and 13.6% in men (42) . The European Community Stroke Project revealed that the prevalence of stroke with AF was 20.8% in women and 15.2% in men (43) . The North Dublin Population Stroke Study, a population-based prospective cohort study, observed a rate of 38.1% in women and 31.9% in men (6). Similar results have been reported in another population-based study in Italy (25) . Consistent with these studies, we observed a 64% increased frequency of AF in women with stroke than in men with stroke. A higher risk for stroke in women with AF can explain the higher frequency of AF in women with stroke than in men with stroke (8, 44) .
Previous studies reported that women were more likely than men to be older (6, 15, 24, (41) (42) (43) and to have severe stroke and poor neurological function on admission (6, 24, 41, 43) . Women have a greater number of stroke risk factors, such as DM, hypertension, chronic renal disease, cardiovascular disease, and heart failure, than men do at baseline (8, (11) (12) (13) 39) . Consistent with these studies, we found that women were 2 years younger than men at stroke onset. Women were more likely to have hypertension, dyslipidemia, and obesity, but there appeared to be no sex differences in the prevalence of DM or arterial 
Outcomes
Men n (%) Women n (%) stenosis in the present study. Higher levels of TC, HDL-C, and LDL-C occurred in women, but men were more likely to be current smokers and alcohol consumers. Reduced or nonstandard management of risk factors (including hypertension and dyslipidemia) due to one's culture and economic status may partly explain the sex differences in the frequency of risk factors in this study. The impact of sex on poor stroke outcomes in patients with AF is not clear. A study has suggested that sex was not associated with increased mortality when age and medical comorbidities were controlled (45) . Similarly, the Framingham Heart Study did not observe a significant difference in the mortality rate between women and men (46) . In accordance with this study, sex differences in mortality after stroke was not observed among NVAF patients with stroke in this study.
Findings related to the effects of AF on recurrence and dependency in individuals with stroke have been inconsistent. A few studies have indicated a greater recurrence rate and a markedly increased dependency rate in stroke patients with AF (22, 47, 48) .
The evidence regarding discrepancies in stroke outcomes among patients with AF between men and women with AF is inconsistent. A few studies demonstrated that women had a higher rate of poor outcomes for individuals with ischemic stroke and AF (39, 49) . It has been reported that women had worse functional outcomes (defined as an mRS ≥3) at 3 months after stroke due to AF (50) . However, this report was in contrast with the result of another study, which reported a higher frequency of independency at 1 year after stroke related to AF in men than in women (25) . In the present study, the rates of dependency and recurrence at 36 months after stroke were significantly higher in women than in men after adjustment for age, stroke severity, and conventional risk factors for stroke; the long-term risks of dependency and recurrence in women were increased by 84% and 1.18-fold, respectively. Furthermore, women were more likely to have hypertension, dyslipidemia, and obesity in this study. These factors may have contributed to the poor outcomes for women with AF and stroke. In addition, non-standard management of AF in women due to their low social and economic status can explain partly the poorer stroke outcomes in women than in men.
There were some limitations to this study. The first is the limited representativeness of patients included, because data were included only for patients from three hospitals in the same city. The second is the lack of data regarding any prescribed medication therapy prior to stroke occurrence, including traditional medications; especially lack of information of oral anticoagulants previously. These may result in bias of evaluation the effected factors for stroke outcomes. Third, differences in the rehabilitation treatment and technique during the study period may have affected the result. However, the aim in this study, which was to assess sex differences in the clinical features and outcomes among stroke survivors with AF, may reduce the effect. Finally, there may be a measurement bias in NIHSS, BI, and mRS assessments, because some patients were assessed in person, whereas others were assessed over the phone.
cOnclUsiOn
In this large, hospital-based stroke registry study, we assessed sex differences in clinical features, risk factors, and short-and long-term outcomes following stroke in patients with AF. There was a higher prevalence of AF, severe stroke, hypertension, dyslipidemia, and obesity and an older age at stroke onset in women than in men, but men were more likely to be current smokers and alcohol consumers. However, in those patients without AF, the frequency of PACI was higher in women than in men, but the frequency of POCI was higher in men than in women. Women were observed to have poorer long-term outcomes, including higher risks of dependency and recurrence. These findings suggest that it is crucial to emphasize the need for individualized stroke prevention education and promotion of healthy lifestyles in order to improve AF-related stroke outcomes and reduce disease burden in women.
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